Introduction {#sec0001}
============

Congenital diaphragmatic hernia is a rare condition affecting approximately 1 per 2500-5000 births, which has been classified into posterolateral, anterior or central [@bib0001]. The posterolateral defect (Bochdalek hernia) occurs in 70%-75% of cases, anterior defects (Morgagni hernia) in 23%-28% of cases, and central defects in the remaining 2%-7% of cases. More often the posterolateral defect occurs on the left side (85%), although it can involve the right side (13%) or be bilateral (2%). Equivalent survival has been reported for left-sided compared to right-sided congenital diaphragmatic hernia [@bib0002], although the latter has been associated with high incidence of pulmonary complications [@bib0003].

Here, we report the case of a Bochdalek hernia involving the right side, which was diagnosed in utero.

Case report {#sec0002}
===========

A male newborn baby was delivered by planned caesarean section at 36 weeks and 6 days' gestational age due to prenatal diagnosis of right posterolateral congenital diaphragmatic hernia, which was identified by ultrasound during the second trimester of pregnancy ([Fig. 1](#fig0001){ref-type="fig"}A). At 21 weeks of gestation, fetal magnetic resonance imaging showed intestinal loops, likely to be colic, in the right hemithorax, associated with compression and cranial displacement of the lung, intrathoracic position of the ipsilateral kidney, and anterior and left dislocation of the heart ([Fig. 1](#fig0001){ref-type="fig"}B). At 28 weeks of gestation, the observed-to-expected lung-head ratio was 78.2%.Fig. 1Chest images from prenatal ultrasound (A) and magnetic resonance imaging (B)Fig. 1 --

At birth, the baby had spontaneous respiratory activity and vigorous crying, with an Apgar score of 7 and 8 at 1- and 5-minute, respectively. He was immediately intubated, and treated with synchronized intermittent positive pressure ventilation, with continuous monitoring of vital parameters. A central venous line and a nasogastric tube were placed, sedation as well as hemodynamic support with inotropic agents were provided, and total parenteral nutrition was initiated. Chest X-ray, performed soon after birth, revealed multiple bowel loops herniated in the right hemithorax and mediastinum and, partially, in the left hemithorax. Of note, an abnormally small right lung volume, suggestive of pulmonary hypoplasia, was observed together with multiple areas of atelectasis of the lungs, likely due to compression ([Fig. 2](#fig0002){ref-type="fig"}A).Fig 2Chest X-ray (A) before surgery showing herniated bowel loops in the right hemithorax and mediastinum and, partially, in the left hemithorax, with multiple areas of atelectasis of the lungs and a small right lung volume; (B) after surgery showing the absence of the previously herniated viscera and a right lung normally developed; and (C) at 17 days of life confirming normal findingsFig 2 --

At 3 days of life, after achieving physiologic stabilization, the infant underwent laparotomic. surgical exploration that showed a large diaphragmatic defect of 5 cm × 2 cm, with absence of the right posterior diaphragmatic flap. The herniated abdominal viscera (right colon, right portion of the transverse colon, ileum and distal jejunum, and right kidney) were repositioned into the abdominal cavity, and a patch repair of the right posterolateral diaphragmatic hernia was performed with expanded polytetrafluoroethylene. Notably, the post-surgery chest X-ray did not reveal any morpho-structural alterations of the lungs and the diaphragmatic profile. Namely, the right lung appeared well developed, thus excluding the previous suspect of pulmonary hypoplasia ([Fig. 2](#fig0002){ref-type="fig"}B).

After surgery, the patient\'s conditions progressively improved and he was extubated in the tenth day of life with normal respiratory parameters afterwards. At 12 days of life, thoracic drainage was removed and enteral nutrition was introduced. A further chest X-ray was performed at 17 days of life, which confirmed normal findings ([Fig. 2](#fig0002){ref-type="fig"}C). The infant was discharged at twenty days of life in good general condition, with a program of multidisciplinary follow-up.

Discussion {#sec0003}
==========

Bochdalek hernia is associated with high morbidity and mortality due to the passage of abdominal organs into the thoracic cavity through a diaphragmatic defect. Intrathoracic herniation of kidneys, such as in our patient, is very rare, with a reported incidence of 0.25%. Of importance, the abdominal viscera herniated into the chest compete for areas that would normally accommodate the lungs, thus adversely affecting their growth and development [@bib0004]. Indeed, lungs may be severely compromised in newborns, with pulmonary hypoplasia and/or persistent pulmonary hypertension being among the most unfortunate outcomes [@bib0005].

Prenatal diagnosis is essential in identifying and managing infants with congenital diaphragmatic hernia, especially those cases at higher risk for the worse outcomes, to optimize their clinical and surgical management [@bib0006]. Several prenatal factors may be considered in the evaluation of the defect, such as coexistence of liver herniation, the observed-to-expected lung-head ratio by ultrasound for the estimation of likelihood of pulmonary hypoplasia, and assessment of fetal lung volumes by magnetic resonance imaging [@bib0006]. An observed-to-expected lung-head ratio \<45% has been reported to predict poor outcome in right-sided congenital diaphragmatic hernia, while an observed-to-expected lung-head ratio ≤25% predicts poor outcome in left sided congenital diaphragmatic hernia (25% survival) [@bib0006]. In our case, despite an observed-to-expected lung-head ratio of approximately 78%, the chest X-ray performed after birth was suggestive of pulmonary hypoplasia and a large diaphragmatic defect that needed patch repair was detected during surgical exploration. However, a normal lung development was observed soon after surgical repair of the defect.

In these patients, surgery should be deferred until clinical conditions are declared stable, thus allowing to relocate viscera into their physiological position. Depending on the size, diaphragmatic defects can be repaired primarily or, if large, a permanent patch closure is required [@bib0006].

Multidisciplinary approach and post-discharge follow-up of infants with diagnosis of congenital diaphragmatic hernia are of fundamental importance [@bib0007]. Indeed, survivors may suffer of long-term sequelae, including respiratory issues (eg, chronic lung disease). Nevertheless, most infants improve over time \[[@bib0006],[@bib0007]\], as lung development continues after birth into early childhood [@bib0008]. Of note, crucial processes take place up to young adulthood, such as classical and continued alveolarization and microvascular maturation (including the extracellular matrix) [@bib0008].

In summary, our clinical case shows that some patients may have a much better lung outcome despite their initial unfavorable picture. Of importance, a close multidisciplinary follow-up is mandatory for congenital diaphragmatic hernia survivors.
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